Based on the use of MESSENGER radiotracking data in the construction of new Mercury ephemerides ([12]) a new planetary ephemerides INPOP13b was built including Mercury improvements but also improvements on the Mars orbit and on the tie of INPOP planetary ephemerides to ICRF in general.
INPOP13b
The MESSENGER mission was the first mission dedicated to the study on Mercury. The spacecraft orbits the smallest and the Sun closest planet of the solars system since 2011. ([12] ) described the methods and procedures used for the analysis of the MESSENGER Doppler and range data included in the construction of the Mercury improved ephemerides, INPOP13a.
INPOP13b is an upgraded version of INPOP13a, fitted to LLR observations, and including new observations of Mars and Venus deduced from MEX, Mars Odyssey and VEX tracking ( [9] , [10] , [8] ). The Pluto orbit was also improved with a better iterative procedure. Tables 7 and 8 resume the data  samples and the obtained residuals with INPOP13b and INPOP10e common to the two ephemerides  when Table 9 exhibits the residuals obtained for the data samples added since INPOP10e. Thanks to this supplementary material, a better extrapolation capability of the Mars ephemerides appears clearly in Tables 9, 4 and 5 as well as better consistencies between DE and INPOP ephemerides (see for example Table 2 ). The section 2 presents comparisons between INPOP13b, INPOP10e ([3] ) and DE430 ( [5] ).
Adjustment of the gravitational mass of the sun was performed as recommended by the IAU resolution B2 as well as the sun oblateness (J 2 ), the ratio between the mass of the earth and the mass of the moon (EMRAT) and the mass of the Earth-Moon barycenter. Estimated values are presented on Table 1 .
Masses of planets as well as procedures of estimations of the asteroid masses perturbing the inner planet orbits are the same as in INPOP10e and INPOP13a . Comparisons between asteroid masses obtained with INPOP13b and values gathered in [1] are given and discussed in section 3.
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INPOP13b and INPOP10e show the improvement of INPOP13b due to the addition of new data samples. DE430 was fitted on about the same sample as INPOP13b except for Saturn Cassini normal points which were reprocessed (for more details see [5] ). The comparisons between INPOP13b and DE430 give then an estimation of the ephemerides uncertainties induced by the use of different procedures of data analysis and of weighting schema. The differences DE430-DE423 are also plotted. The Tables 2 and 3 give the maximum differences obtained by comparisons between the same ephemerides on a 1980 to 2020 interval. For the inner planets the differences pictured on Figures 1,2 and 3 show a good consistency between DE430, INPOP13b and INPOP10e. For Mercury, the impact of the MESSENGER range bias used for INPOP13b and DE430 construction is clear on the post-2010 period. One can notice an increase of the differences in geocentric distances between INPOP13b and INPOP10e with the time. This increase does not appear in the DE423-DE430 differences. This fact could be explained by the lack of accurate observations before 2008 and the launch of MESSENGER. It is also noticed in the comparisons of the postfit residuals of Mariner data set in the Table 7 . The Table 9 illustrates the improvement brought by the use of the MESSENGER range bias in the construction of INPOP13b by comparing INPOP13b postfit residuals and residuals obtained with INPOP10e. The one-order of magnitude improvement is consistent with INPOP13a ( [12] ) and is also illustrated on the Figures of the Table 5 .
For Venus, one can note that the differences between DE423 and DE430 are one-order of magnitude larger than those between INPOP13b, INPOP10e and DE430 demonstrating an improvement of the accuracy of Venus orbit, especially through the computation of the geocentric distances. A common increase of the one-way range residuals of a factor 3 for INPOP13b and INPOP10 after 2010 shown on Table 9 and on plots of the Table 5 illustrates a confirmed degradation of the VEX transpondeur with time.
For Mars, as one can see on Figure 3 and on Table 2 the differences from one ephemeris to another one are quite equivalent for angles and geocentric distances. This illustrates the intensive works done in the past few years for improving the extrapolation capabilities of the ephemerides for the highly perturbed Mars orbit. The figures of the Tables 4 and 5 In terms of reference frame, the VLBI observations of Mars orbiters give the strongest link to ICRF2 as explained in [5] . As the INPOP13b-DE430 differences obtained for α and δ are below 0.5 mas and as the postfit residuals of INPOP13b VLBI Mars observations are also below 0.5 mas, the link of INPOP13b to ICRF2 is garenteed to at least 0.5 mas over the observational time interval (from 1989.13 to 2007.97 ) but also over the interval of ephemeris comparisons (from 1980 to 2020). Globally we can notice very small differences (< 1 mas) in angular geocentric quantities over 60 years for inner planets.
For the outer planets, differences are showed on Figures 4, 5, 6 and 7 . A summary of the maximum differences is given on Table 2 and postfit residuals are presented on Tables 7 and 8 . The Jupiter differences show an non-negligeable discrepency between INPOP13b, INPOP10e and DE423 in one hand and DE430 in the other hand. This appears for all quantities (α,δ and geocentic distances) reaching about 15 mas in δ for DE423-DE430 and INPOP13b-DE430 over 1 century and about 10 mas over the contemporary interval (from 1980 to 2020). On the opposite, the maximum differences obtained by comparing INPOP13b to INPOP10e or INPOP10e to DE423 (see Table 2 ) do not present such offsets. These results could be explained by the change of weights used for the construction of the ephemerides. The uncertainties of the Jupiter modern observations were indeed not well estimated due to failures in the operational procedures (for example with the Galileo High Gain Antenna) or due to indirect measurements during flybys ( [5] ). One can then wait to have better Despite the use of new analysed Cassini tracking data in DE430, the differences of the Saturn orbits estimated with INPOP ephemerides and DE430 are less important than the Jupiter differences. They are also consistent with the expected accuracy of the observations used to constraint the orbit: angular differences are below 1 mas thanks to VLBI tracking of the Cassini spacecraft and differences in geocentric distances are about 1 km over the observational interval.
For Uranus and Neptune, the differences INPOP13b-DE430 and DE430-DE423 are compatible with the expected accuracy of the observations used for the construction of the ephemerides as given by the Table 2 maximum differences for the contemporary interval and by the postfit residuals of Table 8 .
For Pluto, the large differences after 1960 pictured on Figure 8 and on Figure 2 are essentially induced by the important dispersions of photographic residuals used before the sixties for fitting the ephemerides. By the scanning of the photographic plates and by making a new analysis in using the future Gaia catalogue, one should be able to reduce drastically the noise of these data sets and then the uncertainties of the ephemerides for Pluto orbit. The arrival of the New Horizon spacecraft should help as well especially for the estimation of the size of the darwf planet's orbit. One can note however the good agreement of the ephemerides for the recent period thanks to the stellar occultation used for INPOP and DE constructions.
Asteroid masses
139 asteroids are used in INPOP13b with 87 asteroid masses actually estimated during the fit, 52 being fixed to masses derived from taxonomic classes and diameter estimations or to better mass estimations deduced from binary system or spacecraft flybys. No asteroid ring is considered in INPOP13b. Comparisons between the 87 asteroid masses obtained during the INPOP13b fit and masses collected by [1] are presented in Tables 10 and 11 and in Figure 10 . Figure 10 pictures a log-log relation between asteroid masses and asteroid diameters as shown in [1] and [2] . Such a trend is a good tool for analyzing the quality of asteroid masses deduced from INPOP13b. One can first notice than asteroids having their masses deduced from planetary ephemerides have their diameters bigger than 50 kilometers. Only big objects can induce perturbations detectable thought inner planet observations.
Three families of asteroids are furthermore be considered on Figure 10 : the big perturbers (in red) of the Earth-Mars distances inducing more than 10 meters on the geocentric distances of Mars over a 40-year interval (as defined in [7] ), the asteroids inducing a modification between 5 to 10 meters of the geocentric distances of Mars over the same interval of time (in blue) and the small perturbers (in green) modifying the Earth-Mars distances by less than 5 meters. As it appears clearly on Figure 10 , the estimations of the first two classes are quite compatible with the one obtained by [1] and follow generally well the trend with the diameters. The estimations of the smallest perturbers are, however, less compatible with the trend.
The 42 masses of the first two classes of asteroids are gathered in Table 10 . They represent 48% of the whole sample of the estimated masses and can be used for computing mean values of C, S, B and M densities as defined in [2] and mean cumulated masses for each of these classes as the results given in Table 6 . The comparison to [1] obtained for the same sample of 42 masses confirms the consistency of the two samples. The comparison to estimations published by [2] and obtained for a whole population of asteroids indicates that most of the perturbing objects belong to the C and S taxonomic classes when a lack of M-class objects seems to correspond to less perturbing objects (small or far from Mars).
Lunar Laser Ranging
INPOP13b is fitted to LLR observations from 1969 to 2013. Compared to INPOP10e, more than 700 observations from CERGA, 800 from Apollo and 50 from Matera have beed added in the fit. The number of parameters fitted is now 66 instead of 65 for INPOP10e:
• an offset for Apollo observations between december 2010 and april 2012 has been added
• because of its better significance (ratio between the fitted value and the formal error), the Moon's Love number h 2 is now fitted instead of Moon's coefficient of potential C 30 (fixed to LP150Q value)
The values of all fitted parameters are given in Tables 12, 13 and 14. Their formal errors (1σ) come from the covariance matrix of the least square fit and can be much smaller than the physical uncertainties.
On table 15 and figure 11 are given the LLR residuals. The degradation on recent data was already noticed with INPOP10e, but it is amplified with INPOP13b. For Cerga, the residuals grow from 4 to 6 centimeters between before and after 2009. For Apollo, the standard deviation grows continuously from 5 to 7.6 centimeters between 2006 and 2013. These increases of residuals would vanish with the fit of the tectonic plate motion for the corresponding stations, but we think the problem comes from the dynamical model, with a lack that can be partly compensated by a change in station motion.
On table 16 is shown a comparison of residuals between INPOP13b and several JPL's solutions. JPL's residuals are here obtained by applying the same reduction process (model of light propagation) to the planetary and lunar motions of the corresponding JPL's solution. Only parameters involved in the reduction (see tables 13 and 14) are refitted. Residuals computed here are then certainly different from the ones computed directly by the JPL. One can see for DE421 a small degradation on Apollo data (from 4.5 cm to 5.1 cm); this solution was released in 2008 and it is normal to observe such a degradation on data that were not available at this time, and thus not used to constrain the parameters. It should be stressed that DE421 residuals are better than the ones of INPOP13b (even on recent data); it thus demonstrates the better quality (extrapolation capabilities) of DE421 dynamical model. For DE430, residuals are improved relativ to the ones of DE421; the dynamical model is slightly different (Earth tides, degrees of Moon's and Earth's potential) and it is fitted to the latest data. The bad behaviour of INPOP13b compared to JPL's solutions is thus certainly due to a lack in the dynamical model (missing interaction?). The main difference between INPOP and JPL's solutions is the presence (since DE418) of a lunar liquid core interacting with the mantle. Its equations are given in [13, eqs. 6,7,8] : 1970:2010] interval. Column 4 gives the value of this maximum impact of each asteroid on the Earth-Mars distances as defined in [7] . The Column 5 gives values of diameters obtained from IRAS and WISE surveys as given by [7] and Columns 6 and 7 present the masses and their uncertainties estimated by [1] . The last class gives the taxonomical index extracted from the Tholen classification ( [11] 
